The intracellular storage and utilization of lipids are critical to maintain cellular energy homeostasis. During nutrient deprivation, cellular lipids stored as triglycerides in lipid droplets are hydrolysed into fatty acids for energy. A second cellular response to starvation is the induction of autophagy, which delivers intracellular proteins and organelles sequestered in double-membrane vesicles (autophagosomes) to lysosomes for degradation and use as an energy source. Lipolysis and autophagy share similarities in regulation and function but are not known to be interrelated. Here we show a previously unknown function for autophagy in regulating intracellular lipid stores (macrolipophagy). Lipid droplets and autophagic components associated during nutrient deprivation, and inhibition of autophagy in cultured hepatocytes and mouse liver increased triglyceride storage in lipid droplets. This study identifies a critical function for autophagy in lipid metabolism that could have important implications for human diseases with lipid over-accumulation such as those that comprise the metabolic syndrome. . An alternative energy source in times of nutrient scarcity is provided by the breakdown of cellular components by autophagy 4, 5 . Both macroautophagy (the type of autophagy quantitatively more important and subsequently referred to as autophagy) and lipolysis are regulated hormonally by insulin and glucagon 6 and are increased during starvation. Except for the processing of endocytosed lipoproteins, no direct involvement of the lysosomal degradation pathway in lipid metabolism has been established. The regulatory and functional similarities between autophagy and lipolysis, along with the capability of lysosomes to degrade lipids, indicated that autophagy may contribute to LD and TG breakdown ( Supplementary Fig. 1 ).
The intracellular storage and utilization of lipids are critical to maintain cellular energy homeostasis. During nutrient deprivation, cellular lipids stored as triglycerides in lipid droplets are hydrolysed into fatty acids for energy. A second cellular response to starvation is the induction of autophagy, which delivers intracellular proteins and organelles sequestered in double-membrane vesicles (autophagosomes) to lysosomes for degradation and use as an energy source. Lipolysis and autophagy share similarities in regulation and function but are not known to be interrelated. Here we show a previously unknown function for autophagy in regulating intracellular lipid stores (macrolipophagy). Lipid droplets and autophagic components associated during nutrient deprivation, and inhibition of autophagy in cultured hepatocytes and mouse liver increased triglyceride storage in lipid droplets. This study identifies a critical function for autophagy in lipid metabolism that could have important implications for human diseases with lipid over-accumulation such as those that comprise the metabolic syndrome.
Free fatty acids (FFAs) are taken up by hepatocytes and converted into triglycerides (TGs) for storage with cholesterol in lipid droplets (LDs) 1 . LD-sequestered TGs continually undergo hydrolysis, generating FFAs that are predominantly re-esterified back into TGs for storage 1, 2 . Nutrient deprivation upregulates TG hydrolysis to supply FFAs for oxidation to meet cellular energy demands 3 . An alternative energy source in times of nutrient scarcity is provided by the breakdown of cellular components by autophagy 4, 5 . Both macroautophagy (the type of autophagy quantitatively more important and subsequently referred to as autophagy) and lipolysis are regulated hormonally by insulin and glucagon 6 and are increased during starvation. Except for the processing of endocytosed lipoproteins, no direct involvement of the lysosomal degradation pathway in lipid metabolism has been established. The regulatory and functional similarities between autophagy and lipolysis, along with the capability of lysosomes to degrade lipids, indicated that autophagy may contribute to LD and TG breakdown ( Supplementary Fig. 1 ).
Inhibition of autophagy increases lipid storage
Pharmacological inhibition of autophagy with 3-methyladenine (3MA) 7 significantly increased hepatocyte TG content in the absence or presence of exogenous lipid supplementation with oleate (Fig. 1a) . a, TG levels in hepatocytes untreated (None) or treated with 3-methyladenine (3MA) and cultured in regular medium (RM) or oleate (OL) (*P , 0.02, **P , 0.002, n 5 3). b, TG levels in vector-infected (VEC) and siAtg5 cells in RM, OL or in MCDM (*P , 0.001, n 5 5). OL values are in mM. c, TG levels in wild-type (WT) or Atg5 knockout mice embryonic fibroblasts (Atg5 A knockdown of the autophagy gene Atg5 in hepatocytes (siAtg5 cells; Supplementary Fig. 2a ) also increased TG levels with oleate or a second endogenous stimulus for TG formation-culture in methionine-and choline-deficient medium (MCDM) 8, 9 ( Fig. 1b and Supplementary Fig. 2b with a second short hairpin RNA, shRNA). TG levels were also increased in embryonic fibroblasts from Atg5 knockout mice (Fig. 1c) . Although cellular cholesterol content was unaffected in siAtg5 cells by oleate alone or culture in MCDM, oleate and cholesterol co-treatment led to significantly greater cholesterol content ( Supplementary Fig. 2c, d) .
Consistent with the increased TG levels, lipid staining with BODIPY 493/503 or oil red O revealed increased LD number and size in hepatocytes with oleate or MCDM that were further increased by addition of 3MA or Atg5 knockdown (Fig. 1d, e) . These increases were greater than for TG levels because the lipid stains detect all neutral lipids in LDs (TGs and cholesterol). Similar results were obtained with palmitate ( Supplementary Fig. 3 ). An increase in the number and size of LDs in oleate-treated siAtg5 cells was also confirmed by electron microscopy (Fig. 1f) . The absence of co-localization of BODIPY 493/ 503 and an endoplasmic reticulum marker ( Supplementary Fig. 4) , and the co-localization of lipid with the LD-associated protein TIP47 (also known as M6PRBP1; ref. 1, Supplementary Fig. 5 ), demonstrated that lipid accumulation occurred preferentially in cytosolic LDs. Thus, inhibition of autophagy triggered increased TG and LD accumulation in hepatocytes challenged with a lipid stimulus.
Autophagy is required for LD breakdown
To determine how autophagy regulates TG levels, rates of TG synthesis and FFA b-oxidation were examined in siAtg5 cells. Equivalent increases in TG synthesis occurred in control and siAtg5 cells in response to oleate or culture in MCDM (Fig. 2a) . Rates of b-oxidation, indicative of the levels of FFA generated by TG hydrolysis 10 , increased during lipid loading, but to a much lesser extent in cells with inhibited autophagy (Fig. 2b) , consistent with reduced lipolysis. TG breakdown in cells cultured in oleate or MCDM was significantly decreased in siAtg5 cells (Fig. 2c, d ). TG content after treatment with the lipolysis inhibitor diethylumbelliferyl phosphate (DEUP) 11 was higher than after inhibition of autophagy with 3MA (Fig. 2e) , consistent with a blockage of all lipolysis by DEUP ( Supplementary Fig. 6a ) 12, 13 , but a partial inhibition by a loss of autophagy. Co-treatment with 3MA did not have an additive effect on the DEUP-mediated increase (Fig. 2e) , supporting the theory that lipid accumulation during autophagy inhibition resulted from blocked lipolysis. DEUP did not affect autophagy, because autophagic flow (determined by changes in levels of LC3-II (also known as MAP1LC3B) in the absence and presence of lysosomal inhibitors) was unaffected by DEUP ( Supplementary Fig. 6b ).
Autophagic pathway components associate with LDs
To confirm that lysosomes regulate intracellular lipid, the effect of inhibiting lysosomal hydrolysis on lipid stores was examined. Lysosomal inhibition increased cellular TG and cholesterol content ( Supplementary Fig. 7a, b) as well as LD accumulation (Supplementary Fig. 7c ) in the absence or presence of a lipid stimulus. Double immunofluorescence studies revealed increased co-localization of LDs with the lysosome-associated membrane protein type 1 (LAMP1) in oleate or MCDM ( Fig. 2f and Supplementary Fig. 8 ). In the absence of a stimulus for TG formation, LD/LAMP1 co-localization was observed only when lysosomal hydrolysis was inhibited, indicating that rapid LD turnover occurred in lysosomes under these conditions ( Supplementary Fig. 8 ). In contrast to MCDM, where lysosomal inhibition increased LD/LAMP1 co-localization to some extent, this treatment did not modify LD association to lysosomes with oleate supplementation. This finding could represent an inability of the autophagic system to accommodate to the sudden FFA increase. Also supporting this possibility, autophagic flow (measured as LC3-II degradation or increased LC3-positive puncta by immunofluorescence; Supplementary Fig. 9a -c) was twofold greater in cells in MCDM compared to regular medium, but did not change with oleate. Despite increased autophagic flow, only a moderate decrease in the activity (20-30%) of the autophagy repressor mTOR (also known as FRAP1) as determined by autophosphorylation and phosphorylation of its downstream substrate p70S6K (also known as RPS6KB1) was observed with MCDM ( Supplementary Fig. 9d ). In addition, the absence of change in the autophagy activator beclin 1 indicates that autophagy was not induced in response to lipid stimuli. Instead, basal autophagy may be primarily responsible for regulating cellular lipid storage. Consistent with this conclusion, induction of autophagy further decreased lipid stores. Treatment with rapamycin or lithium chloride, activators of autophagy, significantly decreased LD number and TGs, and increased LD/LAMP1 co-localization (more evident with lysosomal inhibition) with lipid stimuli (Supplementary Figs 8 and 10a). As for basal autophagy, the flow of rapamycin-induced autophagy (measured as the increase in LD/LAMP1 co-localization with lysosomal proteolysis inhibition) was considerably reduced in cells exposed to oleate (Supplementary Fig. 8 ). The different autophagy effectors were unaffected by oleate ( Supplementary Fig. 9d ), indicating that autophagosome formation is preserved but their clearance is compromised to some extent in these cells and suggesting that increased LDs result from both augmented LD formation and diminished lysosomal breakdown.
In support of autophagy mediating delivery of LD content to lysosomes, LD/LAMP1 co-localization was markedly reduced by inhibitors of autophagosome formation (3MA) or autophagosome-lysosome fusion (vinblastine; Fig. 2g and Supplementary Fig. 8 ). Similarly, LD/ LAMP1 co-localization was lower in siAtg5 cells and did not increase when lysosomal proteolysis was blocked ( Supplementary Fig. 11a ). Furthermore, LD co-localization with the autophagosome marker LC3 demonstrated a direct association between LDs and autophagosomes ( Fig. 2f and Supplementary Fig. 12 ). In the absence of a stimulus for lipid accumulation, LD/LC3 co-localization was more prominent with lysosomal inhibition (Supplementary Fig. 10b ), supporting a constitutive function for autophagy in LD regulation. Induction of autophagy by rapamycin or lithium chloride also increased LD/LC3 co-localization in untreated and oleate-treated cells (Supplementary  Figs 10b, c and 12 ). The lack of a significant increase in LD/LC3 colocalization in cells in MCDM during autophagic induction is probably the consequence of their increased autophagic flux ensuring efficient lysosomal clearance of newly formed LD-containing autophagosomes ( Supplementary Fig. 12 ). In contrast to the blocking effect of vinblastine on LD delivery to lysosomes, this drug did not decrease LD/LC3 co-localization ( Fig. 2g and Supplementary Fig. 12 ). This result indicates that LD engulfment by LC3-positive membranes does not require microtubules, arguing against co-localization representing fusion between LDs and previously formed autophagosomes.
Fluorescence real-time video microscopy revealed that BODIPY 493/ 503-labelled structures (presumably complete LDs and LD-containing vesicles) and lysosomes associate in a dynamic manner (Supplementary Fig. 13 ; also see Supplementary Videos 1 and 2). Triple labelling for lysosomes, lipids and TIP47 confirmed that all LD components (lipids and proteins) were delivered to lysosomes (Supplementary Fig. 11b ). Electron microscopy was used to elucidate further the mechanism of LD sequestration by autophagic vesicles. LDs were easily identifiable as round light-density structures, not limited by a bilayer lipid membrane (Fig. 3a , inset in the top left panel), with homogenous amorphous content and an average diameter of 0.5 mm that increased 10-15-fold in response to lipid stimuli ( Supplementary Fig. 14) . Double-membrane structures occupying up to 80% of a single LD were identified (Fig. 3a) , along with similar density cytosolic autophagolysosome-like vesicles one-tenth of the size of a LD. These vesicles were surrounded by a double membrane and could have originated from sequestration of a portion of a large LD or an entire small LD (Fig. 3a, top and bottom right panels) . Immunogold labelling revealed the presence of LC3 on the LD (often concentrated around membranous structures) and on the smaller lipidcontaining double-membrane vesicles (autolipophagosomes; Fig. 3b) . In some instances a small dense region heavily labelled for LC3 was present in the proximity of a LD or associated to its surface (Fig. 3b,  top left panels) . In cells in regular media, only a small percentage of double-membrane vesicles with content of density similar to LDs were detected (,20%), and of these less than half contained only lipid cargo (Fig. 3c) . However, both stimuli for lipid accumulation increased the number of lipid-containing vesicles up to 80% with almost half containing only lipid, indicating some level of selectivity towards lipid cargo (Fig. 3c) . Prolonged serum removal, a known stimulus of lipolysis, also increased LD/LC3 co-localization in hepatocytes to levels comparable to those from a lipid stimulus (Supplementary Fig. 15a ). In contrast, co-localization of LC3 with mitochondria, a common cargo of autophagic vesicles, decreased after prolonged serum removal (Supplementary Fig. 15b ). These results indicate that, although basal autophagy of LDs is part of an 'in bulk' nonselective process, conditions of increased lipolysis switch selectivity towards macroautophagic engulfment of LDs or macrolipophagy.
Autophagy regulates hepatic lipid stores in vivo
Starvation induces hepatic autophagy and increases delivery to the liver of FFAs from adipose tissue lipolysis. Electron microscopy revealed that starvation increased the frequency of LDs with areas of increased density and asymmetrically localized multi-membrane structures ( Supplementary Fig. 16a ) and the number of lipid-containing autolipophagosomes, autophagolysosomes and lysosomes ( Supplementary  Fig. 16b ). LC3-II was undetectable in LDs isolated from the livers of fed mice, but co-purified with LDs from mice starved for 24 h (Fig. 4a) . Relative LD purity was demonstrated by enrichment in LD-associated protein adipocyte differentiation-related protein (ADRP, also known as ADFP) and the absence of cytosolic proteins (Fig. 4a) . Concomitantly, the percentage of lipid-containing autophagosomes was higher with starvation in both whole liver sections (Fig. 4b) and isolated fractions enriched in autophagosomes/autophagolysosomes (Supplementary Fig. 16b ). During the first 24 h of starvation there was a significant increase in autophagic vacuoles with a mixed content (lipids, organelles and cytosol), whereas with progressive starvation ARTICLES autolipophagosomes become more abundant (Fig. 4b) , supporting the selectivity of macrolipophagy. In fact, the amount of LD proteins and lipids in autophagic vacuoles and lysosomes increased with starvation ( Fig. 4c and Supplementary Fig. 17a, b) whereas lipid content in the endoplasmic reticulum remained unchanged (Supplementary Fig. 17c, d ). The increase in lipids in autophagic compartments and the presence of LC3-II in LDs occurred gradually starting within 6 h of fasting ( Supplementary Fig. 17e-g ). Thus, induction of autophagy and hepatic FFA delivery during starvation increased the association of autophagic components to LDs and the presence of LD components as autophagic cargo.
To confirm the relative inability of autophagy to accommodate to an exogenous lipid load observed in vitro, the association between LC3 and LD was analysed in mice fed regular diet or 16 weeks of a high-fat diet (HFD). Along with the expected increase in LD number and size ( Supplementary Fig. 14b ), a marked reduction (from 72% to 37%) in the LD-containing membranous structures or autophagosome-like vesicles was seen with starvation in HFD-fed mouse livers by electron microscopy ( Supplementary Fig. 18 ). Autophagic vacuoles were still observed in starved HFD-fed mice, but the percentage of autolipophagosomes was markedly decreased. Surprisingly, immunogold staining ( Supplementary Fig. 18 ) and immunoblot analysis of isolated LDs (Fig. 4d) revealed that LC3-II still associated with LDs of HFD-fed mice, but this association was more prominent under fed rather than starved conditions. Overall, these results are consistent with those in cultured cells that an exogenous lipid challenge reduces the efficiency of the interaction between the autophagic system and LDs.
For direct evidence of the regulation of hepatic lipids by autophagy in vivo, TG content was examined in Atg7 F/F -Alb-Cre mice with a hepatocyte-specific knockout of the autophagy gene Atg7. Atg7
F/F -Alb-Cre mice had decreased levels of ATG7, conjugated ATG5 and LC3-II in the liver but not in other organs ( Fig. 4e and Supplementary  Fig. 19a, b) , and a marked increase in liver size, as previously reported 4 . At four months of age, oil red O staining of liver sections ( Supplementary Fig. 19c ), levels of total TGs (Fig. 4f) , TGs normalized to DNA content ( Supplementary Fig. 19d ), LD-associated proteins TIP47 and ADRP (Fig. 4e) and TG accumulation after starvation (Fig. 4g) were increased in Atg7 F/F -Alb-Cre mouse livers compared to control mice. Hepatic total cholesterol content and concentration were also increased in the knockout animals ( Fig. 4f and Supplementary Fig. 19e ), but the percentage of cholesterol in lysosomes was significantly decreased (Fig. 4h) . TGs secreted as VLDL (also known as APOA5) by the liver, derived predominantly from the hydrolysis of TGs in LDs 14 , was also significantly decreased in Atg7 Fig. 19f ). Isolated LDs from Atg7 F/F -Alb-Cre mice had no LC3-II but higher levels of LC3-I (Fig. 4i) . The fact that LC3-I was still detected in these LDs, as well as in LDs from Atg5 knockout cells (Supplementary Fig. 10d ), indicates that conjugation of LC3 is not required before association to LDs, but occurs on the surface of this organelle.
Discussion
These findings demonstrate a previously unknown interrelationship between autophagy and lipid metabolism that we term macrolipophagy ( Supplementary Fig. 1 ). Autophagy regulates lipid content because: inhibition of autophagy increased TGs and LDs in vitro and in vivo; loss of autophagy decreased TG breakdown; TGs and LD structural proteins co-localized with autophagic compartments; and LC3 associated with LDs. Moreover, a reverse relationship exists in which an abnormal increase in intracellular lipid impairs autophagic clearance as shown by decreased LD/LAMP1 co-localization and the absence of autophagic upregulation in hepatocytes cultured with lipids, as well as reduced association of autophagic vacuoles with LDs in response to starvation in HFD-fed mice. This interrelationship may trap hepatocytes in a harmful cycle in which decreased autophagy promotes lipid accumulation that then further suppresses autophagic function, thereby additionally increasing lipid retention (Supplementary Fig. 1) .
Although future studies must clarify the mechanism of sequestration/degradation of LDs through autophagy, our data indicate that lysosomes do not fuse directly with LDs but with LD-containing autophagosomes. On the basis of morphometric analysis and LC3 immunogold staining we propose that LC3 is recruited to the LDs where LC3 initiates the formation of a limiting membrane through ATG7-dependent conjugation. Some of the lipid cargo observed within autophagosomes could originate from sequestration of whole small LDs alone or with other cytosolic components that may also become trapped in the sealing vesicle (middle panel, Supplementary  Fig. 1 ). In contrast, for larger LDs, the autophagosome only sequesters a discrete region of the LD, which then pinches off as a doublemembrane vesicle enriched in LC3 (autolipophagosome). Such partial sequestration of organelles by autophagy has been described previously for the endoplasmic reticulum and nucleus (piecemeal microautophagy) [15] [16] [17] . Decreased autophagy in the liver with ageing 18 may contribute to hepatic lipid accumulation that occurs along with an increased incidence of the metabolic syndrome in aged humans 19 . The ability of increased lipid content to impair autophagy also indicates that lipid accumulation could contribute to the decrease in autophagic function with ageing. Therapeutic strategies to increase autophagic function may therefore provide a new approach to prevent the metabolic syndrome and its associated pathologies.
METHODS SUMMARY
The hepatocyte cell line RALA255-10G was cultured under nontransformed conditions, as described previously 20 . Wild-type and Atg5 2/2 mouse embryonic fibroblasts provided by N. Mizushima 21 were cultured as described previously 22 . TG content was determined by the Trig/GB Kit (Roche Diagnostics), cholesterol content by the Amplex Red Cholesterol Assay (Invitrogen), fatty acid b-oxidation by a modification of a previously used method 23 , and TG decay in cells radiolabelled with [ Protein isolation and western blotting were performed as described previously 25 . Fluorescence microscopy for BODIPY 493/503 (Invitrogen) and immunofluorescence were performed as described previously 26 .
Atg7
F/F mice 4 were crossed with Alb-Cre mice 27 to generate Atg7 F/F -Alb-Cre mice. Some animals were fed a highfat diet (60% kcal in fat; Research Diets, D12492). Electron microscopy and immunogold labelling were performed as described previously 26 . LDs from mouse livers were isolated by sucrose density gradient centrifugation 28 and autophagic vacuoles and lysosomes by centrifugation in metrizamide discontinuous density gradients 29 .
Full Methods and any associated references are available in the online version of the paper at www.nature.com/nature.
METHODS
Cells and cell culture. The rat hepatocyte line RALA255-10G was cultured under nontransformed conditions, as described previously 20 . Some cells were cultured in high glucose or serum-free DMEM lacking methionine and choline (Atlanta Biologicals) or pre-treated with 10 mM 3-methyladenine, 100 mM DEUP, 50 mM chloroquine (Sigma), 20 mM ammonium chloride or 100 mM leupeptin (Fisher). Oleic and palmitic acid were conjugated to albumin, as described previously 30 , and cells were treated with 0.125 or 0.25 mM oleate or palmitate for 24 h in high glucose, serum-free DMEM. Mouse embryonic fibroblasts were maintained in high glucose DMEM with 10% fetal bovine serum. Lentiviral Atg5 siRNA construction. The following small hairpin (sense-loopantisense) RNAs (shRNA) for Atg5 were cloned into lentiviral vectors: 59-GA TCCCCGTCAGGTGATCAACGAAATTTCAAGAGAATTTCGTTGATCACC TGACTTTTTC-39 (sense), 59-TCGAGAAAAAGTCAGGTGATCAACGAAAT TCTCTTGAAATTTCGTTGATCACCTGACGGG-39 (antisense) for shAtg5, and 59-GATCCCCGATGTTAGTGAGATTTGGTTTCAAGAGAACCAAATCT CACTAACATCTTTTTC-39 (sense), 59-TCGAGAAAAAGATGTTAGTGAGA TTTGGTTCTCTTGAAACCAAATCTCACTAACATCGGG-39 (antisense) for shAtg5 number 2. The hairpins were cloned between the BglII-XhoI sites of pSUPER (Ambion), and after SmaI-XhoI digestion the fragments, which included the H1 promoter-shRNA cassette, were subcloned into the EcoRVXhoI sites of the vector pCCL.sin.PPT.hPGK.GFPWpre 24 . Lentiviral stocks were prepared by calcium phosphate transfection of these vectors and the packaging vectors pMDLg/pRRE, pRSV-Rev and pMD2.VSVG into HEK-293T cells. Supernatants were collected over 36 to 48 h, titred by plaque assay and used at a multiplicity of infection of 5 to infect RALA hepatocytes. The efficiency of infection at 72 h, determined by the number of green-fluorescent-proteinpositive cells, exceeded 98% for all constructs. Western blotting. Cell lysates and liver homogenates were subjected to western blot analysis, as previously described 25 . Membranes were incubated with the following primary antibodies: rabbit anti-ATG7, rabbit anti-LC3, rabbit anti-total and phospho-(Ser 2448 and Ser 2481) mTOR, rabbit anti-total and phosphop70SK6, rabbit anti-total and phospho-Akt (Cell Signaling Technology), guinea pig anti-ADRP (Progen Biotechnik), rabbit anti-ATG5 (Novus Biologicals), mouse anti-beclin 1 (BD Biosciences), mouse anti-GPDH (Abcam), rat anti-LAMP1 (Developmental Studies Hybridoma Bank, University of Iowa), rabbit anti-IkB (Santa Cruz Biotechnology) and rabbit anti-TIP47 (ProSci Incorporated). Western blot for b-actin (AbCam) or protein disulphide isomerase (a gift from R. Stockert) was used as loading control.
As a measure of autophagic flow, immunoblots for LC3 were performed in untreated cells and cells treated with the lysosomal inhibitors ammonium chloride and leupeptin. Autophagic flow was determined by the ratio of the densitometric value for LC3-II in the presence of inhibitors to that in the absence of inhibitors, as described previously 5 . Fluorescence microscopy. Cells were fixed with 3% paraformaldehyde, blocked and incubated with the primary and corresponding Cy5-and texas-red-conjugated secondary antibodies. Lipid droplets were stained by incubating cells with BODIPY 493/503 (Invitrogen) for 30 min, fixed and processed for immunofluorescence as described previously 26 . Lysosomes were highlighted with Lysotracker and mitochondria with Mitotracker (Invitrogen). Mounting medium contained DAPI stain to highlight the cell nucleus. Images were acquired with an Axiovert 200 fluorescence microscope (Carl Zeiss Ltd) with a 363 objective and 1.4 numerical aperture, subjected to deconvolution with the manufacturer's software and prepared using Adobe Photoshop 6.0 software (Adobe Systems Inc.). Quantification was performed in individual frames after deconvolution and thresholding using 
